Good agreement was o b t a i n e d f o r t h e n o i s e o f a model c o u n t e r r o t a t i o n
INTRODUCTION
The n o i s e o f advanced d e s i g n h i g h speed p r o p e l l e r models has been measu r e d a t c r u i s e c o n d i t i o n s i n t h e NASA Lewis 8-b y 6-Foot Wind T u n n e l . t h e more r e c e n t d a t a f o r b o t h s i n g l e -and c o u n t e r r o t a t i o n models can be found i n r e f e r e n c e s 1 t h r o u g h 3 . The NASA Lewis 8-by 6-Foot Wind t u n n e l i s n o t
a c o u s t i c a l l y t r e a t e d and t h e d a t a t a k e n h e r e i s s u b j e c t t o c o n t i n u a l s c r u t i n y t o assess i t s v a l i d i t y . P r e v i o u s comparisons o f t h e s i n g l e -r o t a t i o n p r o p e l l e r d a t a w i t h d a t a t a k e
n on a model p r o p e l l e r i n f l i g h t were p r e s e n t e d i n r e f e rence 4. Good agreement was shown between t h e 8-by 6-Foot Wind Tunnel d a t a and t h e boom d a t a on t h e a i r p l a n e .
Some o f
The p r e s e n t paper expands t h e comparison o f t h e NASA 8-by 6-Foot Wind Tunnel d a t a w i t h a d d i t i o n a l d a t a beyond t h a t r e p o r t e d i n r e f e r e n c e 4 . The n o i s e o f a model c o u n t e r r o t a t i o n p r o p e l l e r measured i n t h e 8-by 6-Foot Wind Tunnel and i n t h e a c o u s t i c a l l y t r e a t e d t e s t s e c t i o n o f t h e Boeing T r a n s o n i c Wind Tunnel i s compared h e r e i n f o r v a l i d a t i o n o f model s i z e d a t a . Data from t h e 8-by 6-Foot Wind Tunnel on t h e same c o u n t e r r o t a t i o n p r o p e l l e r model a r e compared w i t h d a t a from a f u l l s i z e c o u n t e r r o t a t i o n p r o p e l l e r i n s t a l l e d on a Boeing 727 a i r p l a n e . The f u l l s i z e p r o p e l l e r d a t a were o b t a i n e d by t h e NASA L e a r j e t a i r p l a n e f l y i n g i n f o r m a t i o n w i t h t h e Boeing 727 a i r p l a n e . S i n g l e r o t a t i o n p r o p e l l e r model d a t a taken i n the 8-by 6-Foot Wind Tunnel were compared w i t h d a t a from t h e Large-scale Advanced P r o p e l l e r (LAP) f l o w n on t h e Propfan Test Assessment A i r p l a n e (PTA). t h e PTA a i r p l a n e by microphones on t h e a i r p l a n e f u s e l a g e and on a boom l o c a t
e d o u t b o a r d o f t h e p r o p e l l e r . The model t o f u l l s i z e comparisons, s i n g l e and c o u n t e r r o t a t i o n , a r e done t o assess b o t h t h e v a l i d i t y o f t h e 8-by 6-Foot Wind Tunnel d a t a and t h e a b i l i t y t o s c a l e t h a t d a t a . C r u i s e n o i s e d a t a were o b t a i n e d on APPARATUS AND PROCEDURE Wind and t h e
Noise d a t a taken on s c a l e model p r o p e l l e r s i n t h e NASA Lewis 8-by 6-Foot
Tunnel a r e compared w i t h o t h e r tunnel and f l i g h t d a t a . The d e s c r i p t i o n e s t i n g methods for o b t a i n i n g these d a t a a r e as follows:
NASA Lewis 8-by 6-Foot Wind Tunnel Noise d a t a were taken on s i n g l e -and c o u n t e r r o t a t i o n p r o p e l l e r models i n . .
ASA Lewis 8-by 6-Foot Wind Tunnel u s i n g p r e s s u r e t r a n s d u c e r s embedded i n a p l a t e suspended from t h e t u n n e l c e i l i n g ( r e f s . 1 
t o 3 ) . F i g u r e 1 shows a photograph and sketches o f t h e i n s t a l l a t i o n f o r t h e s i n g l e -r o t a t i o n p r o p e l l e r t e s t i n g and f i g u r e 2 shows t h e c o u n t e r r o t a t i o n i n s t a l l a t i o n . Data were taken w i t h t h e p l a t e l o c a t e d 3-tenths o f a p r o p e l l e r d i a m e t e r above t h e p r o p e l l e r t i p .

The use o f t h e p l a t e enables t h e t r a n s d u c e r s t o be p l a c e d c l o s e t o t h e p r o p e l l e r w h i l e b l o c k i n g t h e p o s s i b l e r e f l e c t i o n s from t h e w a l l behind t h e p l a t e . The d i r e c t n o i s e p a t h from t h e p r o p e l l e r to t h e t r a n s d u c e r s i s t h e r e f o r e much s h o r t e r t h a n any o f t h e p o s s i b l e r e f l e c t i o n paths from t h e o t h e r w a l l s o f t h e t u n n e l . The c o m b i n a t i o n o f t h i s p a t h l e n g t h advantage and t h e downstream c o n v e c t i o n beyond t h e p l a t e o f t h e r e f l e c t i o n s from t h e h i g h n o i s e r e g i o n o f t h e p r o p e l l e r ( r e f . 5 ) enables t h e d i r e c t a c o u s t i c s i g n a l t o be measu r e d on t h e p l a t e . The advantage o f t h e p l a t e method i s t h a t advanced h i g h
speed p r o p e l l e r n o i s e can be measured w i t h o u t t h e expense and c o m p l i c a t i o n o f i n s t a l l i n g a c o u s t i c t r e a t m e n t i n t h e t e s t s e c t i o n . The p l a t e method does have a l i m i t a t i o n w i t h r e s p e c t t o t e s t i n g i n an anechoic t e s t s e c t i o n because of t h e boundary l a y e r on t h e p l a t e . The boundary l a y e r r e f r a c t s some o f t h e prop e l l e r n o i s e away from t h e measurement t r a n s d u c e r s . The amount o f t h e r e f r a ct i o n depends on t h e r a t i o o f sound wavelength t o boundary l a y e r t h i c k n e s s and i s more severe t h e f a r t h e r f o r w a r d o f t h e p r o p e l l e r t h e t r a n s d u c e r i s l o c a t e d ( r e f . 6 ) . The comparisons t o be made i n t h i s paper w i l l i n d i c a t e t h e importance o f t h i s boundary l a y e r r e f r a c t i o n l i m i t a t i o n .
Boundary l a y e r r e f r a c t i o n i s a l s o a f a c t o r i n a t t e m p t i n g t o d e s i g n acoust i c t r e a t m e n t t o o p e r a t e a t h i g h Mach numbers upstream o f a p r o p e l l e r source as was done i n r e f e r e n c e 7. L i k e w i s e , boundary l a y e r r e f r a c t i o n must be accounted f o r i n i n t e r p r e t i n g f u s e l a g e measurements upstream of a p r o p e l l e r i n f l i g h t .
The d a t a taken by t h e p r e s s u r e t r a n s d u c e r s on t h e p l a t e a r e s p e c t r a l l y analyzed t o determine t h e p r o p e l l e r blade p a s s i n g tones and t h e i r harmonics.
I t i s t h i s tone d a t a t h a t i s used i n t h e comparison w i t h t h e d a t a taken e l s ewhere.
Boeing T r a n s o n i c Wind Tunnel Model c o u n t e r r o t a t i o n p r o p e l l e r s were t e s t e d f o r a c o u s t i c s i n t h e a c o u s t ic a l l y t r e a t e d t e s t s e c t i o n of t h e Boeing T r a n s o n i c Wind Tunnel. shows s i d e and r e a r view sketches o f t h e t e s t s e c t i o n . The a c o u s t i c a l l y F i g u r e 3 t r e a t e d t e s t s e c t i o n i s 2.44 m ( 8 f t ) h i g h by 3.66 m (12 f t ) wide by ( 1 4 . 5 f t ) l o n g and has 61 cm ( 2 f t ) c o r n e r f i l l e t s . The a c o u s t i c wa 30.5 cm (12 i n . ) t h i c k foam covered b y p e r f o r a t e d metal and were des be anechoic from 300 t o 8000 Hz. A more complete d e s c r i p t i o n of t h e a c o u s t i c d e s i g n can be f o u n d i n r e f e r e n c e 7.
The a c o u s t i c d a t a were t a k e n by two microphones mounted on a s t s u p p o r t e d from t h e c e i l i n g . The f r e e -f i e l d microphones were l o c a t e d s i d e l i n e s 67 cm ( 2 . 2 f t ) and 134 cm ( 4 . 4 f t ) from t h e D r o D e l l e r t e s t 4 . 4 2 m 1 s a r e gned t o t u n n e l ng o n two r i g cen-
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t e r l i n e . The p r o p e l l e r n o i s e d i r e c t i v i t i e s were o b t a i n e d b y t r a v e r s i n g t h e microphone s t i n g f o r e and a f t i n t h e wind t u n n e l .
F u l l -s c a l e C o u n t e r r o t a t i o n P r o p e l l e r on Boeing 727 Measured by NASA L e a r j e t A i r p l a n e A f u l l -s c a l e c o u n t e r r o t a t i o n demonstrator engine was i n s t a l l e d on a Boei n g 727 a i r c r a f t as shown i n f i g u r e 4. The p r o p e l l e r was n o m i n a l l y 3.57 m ( 1 1 . 7 f t ) i n d i a m e t e r . The a i r c r a f t was f l o w n a t a c r u i s e a l t i t u d e of 9 906 m (32 500 f t ) and a t a c r u i s e Mach number o f 0 . 7 2 w i t h t h e p r o p e l l e r o p e r a t i n g a t c r u i s e power s e t t i n g s . p l a n e which was i n s t r u m e n t e d w i t h nose and wing t i p microphones.
A c o u s t i c d a t a were o b t a i n e d from a L e a r j e t chase
The L e a r j e t f l e w i n f o r m a t i o n w i t h t h e Boeing 727 a t v a r i o u s s i d e l i n e a n g l e s from t h e c o u n t e r r o t a t i o n p r o p e l l e r as shown i n f i g u r e 5. A more d e t a i l e d d e s c r i p t i o n o f t h i s t e s t and some i n i t i a l wind t u n n e l t o f l i g h t comparisons can be found i n r e f e r e n c e 8. P r o p f a n T e s t Assessment A i r p l a n e The Large-scale Advanced P r o p e l l e r ( r e f . 9 > , 2 . 7 4 m ( 9 f t ) i n d i a m e t e r , was flow on a t e s t b e d G u l f s t r e a m I 1 a i r c r a f t as p a r t o f t h e P r o p f a n T e s t Assessment Program ( P T A > ( r e f . 10). p e l l e r i n s t a l l e d on t h e l e f t wing i s shown i n f i g u r e 6. For t h e d a t a d i s c u s s e d i n t h i s r e p o r t , t h e a i r p l a n e was o p e r a t e d a t c r u i s e a l t i t u d e and Mach number w i t h t h e p r o p e l l e r o p e r a t i n g a t c r u i s e t h r u s t c o n d i t i o n s . Noise d a t a were o b t a i n e d by microphones embedded f l u s h i n t h e a i r p l a n e f u s e l a g e and m i c r ophones on t h e boom shown c l o s e o u t b o a r d o f t h e p r o p e l l e r . t h i s t e s t i n g can be f o u n d i n r e f e r e n c e 1 1 .
A photograph o f t h e a i r p l a n e w i t h t h e p r o -I n i t i a l r e s u l t s from 
Comparison w i t h Boeing Transonic Wind Tunnel Data
Data t a k e n on a s c a l e model c o u n t e r r o t a t i o n p r o p e l l e r , F7-A7, i n t h e NASA Lewis 8-by 6-Foot Wind Tunnel were compared w i t h d a t a on t h e same p r o p e l l e r t a k e n i n t h e a c o u s t i c a l l y t r e a t e d t e s t s e c t i o n o f t h e Boeing t r a n s o n i c wind t u n n e l . I n b o t h t u n n e l s , t h e p r o p e l l e r s were r u n w i t h e i g h t blades i n each 2 p r o p e l l e r and a t a p p r o x i m a t e l y equal f r o n t and r e a r r o t a t i o n a l speeds which were 100 p e r c e n t o f d e s i g n speed. The b l a d e p a s s i n g tones from each p r o p e l l e r t h e n o c c u r a t t h e same f r e q u e n c y and t h e i n t e r a c t i o n tones o c c u r a t t h e same f r e q u e n c i e s as t h e harmonics. T h e r e f o r e , t h e spectrum o n l y shows i n d i v i d u a l tones a t each harmonic which a r e t h e summation o f t h e two p r o p e l l e r harmonics and t h e i n t e r a c t i o n t o n e s . I n b o t h t u n n e l s t h e a x i a l Mach number was 0.72 and t h e p r o p e l l e r s had t h e same b l a d e s e t t i n g angles o f 56.9" on t h e f r o n t p r o p e l l e r and 54.5" on t h e a f t p r o p e l l e r . u s i n g s t a n d a r d a d j u s t m e n t s . The measurements were t a k e n a t two d i f f e r e n t d i st a n c e s . An a d j u s t m e n t of 20 t i m e s t h e l o g o f t h e d i s t a n c e r a t i o ( d i s t a n c e s measured from r i g c e n t e r l i n e ) was a p p l i e d t o t h e 8-by 6-Foot Wind Tunnel d a t a . The 20 l o g o f t h e d i s t a n c e r a t i o was f o u n d t o a p p l y f o r d i f f e r e n t p l a t e t o p r o p e l l e r d i s t a n c e s i n t h e 8-by 6-Foot Wind Tunnel and i s used i n t h i s I r e p o r t for a l l d i s t a n c e c o r r e c t i o n s . The 8-by 6-Foot Wind Tunnel d a t a were t h u s reduced by 2 . 5 dB t o a d j u s t them t o t h e Boeing d i s t a n c e . Table I i n d ic a t e s t h e c o n d i t i o n s i n t h e two t u n n e l s and t h e a d j u s t m e n t s used. The two t u nn e l s o p e r a t e d a t d i f f e r e n t a t m o s p h e r i c c o n d i t i o n s . Twenty times t h e l o g o f t h e r a t i o o f t h e t u n n e l p r e s s u r e s was used f o r t h i s a d j u s t m e n t which r e s u l t s i n t h e 8-b y 6-Foot Wind Tunnel d a t a b e i n g f u r t h e r reduced b y 1.3 dB (8-by 6-Foot Wind Tunnel a t 8 3 . 4~1 0 3 N/m2 ( 1 2 . 2 p s i ) , Boeing Tunnel a t 7 1 . 8~1 0~ N/m2 f l a t s u r f a c e where a p r e s s u r e a m p l i f i c a t i o n o f 6 dB i s assumed. S i n c e t h e Boei n g d a t a i s t a k e n w i t h a f r e e f i e l d microphone a n o t h e r 6 dB i s t a k e n from t h e 8-by 6-Foot Wind Tunnel d a t a . The 8-by 6-Foot Wind Tunnel d a t a a r e t h u s reduced by a t o t a l o f 9.8 dB to compare them w i t h t h e Boeing t u n n e l d a t a . A s m a l l a d j u s t m e n t i n s i d e l i n e a n g l e was a l s o a p p l i e d t o t h e 8-by 6-Foot Wind two p r o p e l l e r s w h i l e t h e Boeing a n g l e s were measured from t h e p i t c h change a x i s o f t h e r e a r p r o p e l l e r . N o a d j u s t m e n t s were made for t h e r e c o g n i z e d bounda r y l a y e r r e f r a c t i o n on t h e p l a t e i n t h e 8-b y 6-Foot Wind Tunnel and t h e comparisons a r e i n t e n d e d t o show t h e importance o f r e f r a c t i o n . (10.5 p s i ) . The d a t a t a k e n i n t h e 8-by 6-Foot Wind Tunnel were t a k e n on a I Tunnel d a t a s i n c e these a n g l e s were measured from a p o i n t h a l f w a y between t h e
When t h e above a d j u s t m e n t s were a p p l i e d t o t h e 8-b y 6-foot Wind Tunnel d a t a t h e y were p l o t t e d on t h e t r a v e r s e microphone d a t a p l o t s from t h e
Boeing t u n n e l . These comparisons a r e shown i n f i g u r e 7 f o r t h e f i r s t f i v e harmonics. The agreement a t t h e b l a d e p a s s i n g t o n e and t w i c e b l a d e p a s s i n g t o n e , f i g u r e s 7 ( a > and 7 ( b ) , i s v e r y good. A t t h e h i g h e r harmonics, 3, 4, and 5 t i m e s b l a d e p a s s i n g f r e q u e n c y , f i g u r e s 7 ( c > t h r o u g h 7 ( e > , t h e d a t a from t h e two t u n n e l s agree w e l l b e h i n d t h e p l a n e o f r o t a t i o n b u t t h e 8-by 6-Foot Wind Tunnel d a t a a r e lower i n f r o n t o f t h e p l a n e o f r o t a t i o n . The 8-by 6-Foot Wind Tunnel d a t a a r e lower toward t h e f r o n t as t h e r e s u l t o f r e f r a c t i o n from t h e boundary l a y e r on t h e a c o u s t i c p l a t e i n t h e 8-by 6-Foot Wind T u n n e l . Very l i t t l e r e f r a c t i o n i s p r e s e n t a t t h e b l a d e p a s s i n g f r e q u e n c y and t h e 2nd harmonic b u t as t h e f r e q u e n c y i s i n c r e a s e d , t h e h i g h e r harmonic wavelengths of t h e sound become s m a l l e r and more r e f r a c t i o n from t h e p l a t e boundary l a y e r i s p r e s e n t .
The r e f r a c t i o n does p r e s e n t a l i m i t a t i o n on t h e use o f t h e 8-b y 6-Foot
Wind Tunnel. ward a n g l e s can b r i n g t h e tone l e v e l down below t h e t u n n e l background l e v e l such t h a t t h e t o n e cannot be measured u s i n g t i m e averaged s p e c t r a . T h i s prov i d e s a l i m i t a t i o n on t h e 8-by 6-Foot Wind Tunnel f o r o b t a i n i n g t h e h i g h e r harmonics a t t h e f o r w a r d a n g l e s .
The boundary l a y e r r e f r a c t i o n a t t h e h i g h e r harmonics a t t h e forThe agreement between t h e 8-by 6-Foot Wind Tunnel d a t a and t h e Boeing a c o u s t i c wind t u n n e l d a t a i s v e r y good a t t h e b l a d e p a s s i n g t o n e and a t t w i c e b l a d e p a s s i n g t o n e . The comparison b e h i n d t h e p l a n e o f r o t a t i o n i s good a t t h e h i g h e r harmonics b u t t h e boundary l a y e r r e f r a c t i o n on t h e p l a t e i n t h e 8-by 6-Foot Wind Tunnel p l a c e s a l i m i t a t i o n f o r t h e f o r w a r d a n g l e s a t t h e h i g h e r harmonics. The f a v o r a b l e comparisons show t h e r e l a t i v e v a l i d i t y of o b t a i n i n g c r u i s e n o i s e a c o u s t i c d a t a u s i n g t h e p l a t e i n t h e 8-by 6-Foot Wind Tunnel w i t h t h e f r e e -f i e l d method o f o b t a i n i n g d a t a i n t h e a c o u s t i c a l l y t r e a t e d t e s t s e c t i o n o f t h e
Boeing t r a n s o n i c wind t u n n e l .
Comparison w i t h a F u l l -s c a l e C o u n t e r r o t a t i o n P r o p e l l e r Data t a k e n o n a s c a l e model c o u n t e r r o t a t i o n p r o p e l l e r , F7-A7, i n t h e NASA Lewis 8-by 6-Foot Wind Tunnel were compared w i t h d a t a t a k e n on a f u l l -s c a l e v e r s i o n o f t h i s p r o p e l l e r i n f l i g h t .
The f u l l -s c a l e p r o p e l l e r was f l o w n on a Boeing 727 a i r p l a n e ( f i g . 4 ) . The n o i s e was measured by a microphone on t h e wing t i p t a n k o f t h e NASA Lewis L e a r j e t a i r p l a n e which f l e w i n f o r m a t i o n w i t h t h e Boeing 727 ( f i g . 5 ) . These f l i g h t n o i s e d a t a were p r e s e n t e d i n r e f e rence 8 and some p r e l i m i n a r y a i r p l a n e t o t u n n e l comparisons f o r t h e p r o p e l l e r b l a d e p a s s i n g t o n e were i n c l u d e d .
D u r i n g t h e 8-by 6-Foot Wind Tunnel t e s t s t h e nominal d e s i g n c r u i s e c o n d it i o n was
an a x i a l Mach number o f 0.72 and t h e b l a d e a n g l e s s e t a t 58.5" for t h e f r o n t and 55.7" f o r t h e a f t b l a d e . a t v a r i o u s b l a d e s e t t i n g a n g l e s . The p r o p e l l e r b l a d e a n g l e s were a u t o m a t i c a l l y c o n t r o l l e d i n t h e f l i g h t t e s t t o g i v e equal f o r e and a f t p r o p e l l e r t o r q u e s . A S i n d i c a t e d i n r e f e r e n c e 8, some i n s t a l l a t i o n e f f e c t r e s u l t e d i n an unexpected d i f f e r e n c e between f r o n t and r e a r b l a d e a n g l e s . t u n n e l d e s i g n c r u i s e , where good a c o u s t i c d a t a were o b t a i n e d , was f l i g h t 5.9 of r e f e r e n c e 8. Here t h e a i r p l a n e was f l o w n a t an a x i a l Mach number of 0.72 a t an a l t i t u d e o f 9906 m (32 500 f t ) . The b l a d e a n g l e s were 59.3" on t h e f r o n t and 52.9" on t h e a f t . The f l i g h t 5.9, p r o p e l l e r power was o n l y about 75 p e r c e n t o f d e s i g n c o r r e s p o n d i n g t o a power c o e f f i c i e n t (based on annulus a r e a ) o f 3 . 1 4 compared t o a power c o e f f i c i e n t o f 4.21 i n t h e t u n n e l .
The f l i g h t t e s t s were performed l a t e r The c o n d i t i o n c l o s e s t t o t h e
The b l a d e s e t t i n g a n g l e s d i f f e r e d between t h e t u n n e l and f l i g h t by 0 . 8 " on t h e f r o n t p r o p e l l e r and 2 . 8 " on t h e a f t . The f r o n t p r o p e l l e r b l a d e s e t t i n g angles were c l o s e enough t h a t t h e f r o n t p r o p e l l e r s , s c a l e and f u l l -s i z e , were p r o b a b l y p r o d u c i n g s i m i l a r t h r u s t and power c o e f f i c i e n t s so t h a t t h e f r o n t p r op e l l e r n o i s e may be compared. f l i g h t a r e s i g n i f i c a n t l y l o w e r than on t h e model i n t h e t u n n e l . t h e a f t p r o p e l l e r i n f l i g h t would t h e n n o t be expected t o compare w e l l w i t h
The r e a r p r o p e l l e r b l a d e s e t t i n g a n g l e s i n
The
n o i s e for t h e model d a t a . I n summary, even though t h e p r o p e l l e r c o n d i t i o n s a r e n o t i d e nt i c a l between t h e model f u l l -s c a l e , a comparison o f t h e n o i s e d a t a i s s t i l l w o r t h w h i l e t o i n v e s t i g a t e t h e s c a l i n g q u e s t i o n .
To c o n v e r t from t h e s c a l e model wind t u n n e l d a t a t o f u l l -s i z e , t h e n o i s e i n d e c i b e l s i s assumed t o v a r y w i t h 10 l o g of t h e t h r u s t w i t h t h e t h r u s t i n t u r n v a r y i n g as t h e square o f t h e p r o p e l l e r d i a m e t e r . The t h r u s t i s s c a l e d on p r o p e l l e r d i a m e t e r squared s i n c e no d i r e c t measurement o f f u l l s c a l e p r o p e l l e r t h r u s t i s made i n f l i g h t . The t h r u s t a d j u s t m e n t adds 15 T h i s t h r u s t a d j u s t m e n t c o n v e r t s t h e 8-by 6-Foot Wind Tunnel d a t a f o r a p r o p e l l e r w i t h 58.5" f r o n t and 55.7" a f t b l a d e a n g l e s t o a f u l l -s i z e p r o p e l l e r w i t h t h e same a n g l e s . Table I 
c o n t a i n s t h e t e s t c o n d i t i o n s and t h e c o r r e c t i o n s a p p l i e d .
The 8-by 6-Foot Wind Tunnel d a t a a r e a d j u s t e d b y 20 l o g of t h e d i s t a n c e r a t i o t o c o n v e r t t o f u l l s i z e . The d i s t a n c e c o r r e c t i o n reduces t h e 8-by 6-Foot Wind Tunnel d a t a b y 39.6 dB.
The a i r p l a n e was f l o w n a t 9906 m (32 500 f t ) w i t h a s t a n d a r d a t m o s p h e r i c p r e s s u r e o f 2 7 . 1~1 0 3 N/m2 (3.96 p s i ) and t h e t u n n e l was o p e r a t e d w i t h a t u n n e l p r e s s u r e o f 8 3 . 4~1 0 3 N/m2 ( 1 2 . 2 p s i ) . The a d j u s t m e n t f o r atmospheric c o n d it i o n s was t a k e n as 20 l o g o f t h e p r e s s u r e r a t i o which gave t h e r e s u l t t h a t t h e 8-by 6-Foot Wind Tunnel d a t a s h o u l d be reduced b y 9 . 8 
dB t o c o n v e r t t o f u l l s c a l e c o n d i t i o n s .
The d a t a i n t h e 8-b y 6-Foot Wind Tunnel were t a k e n on a f l a t p l a t e and 6 dB a r e assumed as p r e s s u r e d o u b l i n g on t h i s p l a t e . I n f l i g h t t h e n o i s e l e ve l s were measured on t h e c y l i n d r i c a l wing t i p t a n k o f t h e L e a r j e t a i r p l a n e . T h i s t i p t a n k i s a p p r o x i m a t e l y 30.5 cm ( 1 f t ) i n d i a m e t e r . The d i f f r a c t i o n around t h i s c y l i n d e r , as i n d i c a t e d by r e f e r e n c e 12, y i e l d s a l e v e l 5 dB above f r e e f i e l d a t t h e b l a d e p a s s i n g f r e q u e n c y o f t h e f u l l s c a l e p r o p e l l e r , and 5 . 5 dB a t t w i c e b l a d e p a s s i n g f r e q u e n c y .
The 8-by 6-Foot Wind Tunnel d a t a a r e t h e n reduced by a t o t a l 35.2 dB a t t h e b l a d e p a s s i n g t o n e and 34.7 d e c i b e l s a t t w i c e b l a d e t o n e t o compare w i t h t h e f u l l s c a l e d a t a measured on t h e L e a r j e t t Good h i g h e r harmonic d a t a were n o t a v a i l a b l e on t h e a i r p l a n e so on two harmonics a r e compared. of p a s s i n g p t a n k . y t h e f r s t
u e n c y i n t h e 8-by 6-Foot Wind Tunnel t e s t i n g a t M = 0 . 7 2 . t o be n e g l i g i b l e a t these two tones f o r t h e a n g l e s measured. T h e r e f o r e , no boundary l a y e r r e f r a c t i o n c o r r e c t i o n s were a p p l i e d h e r e . Also, no a d j u s t m e n t s have been made f o r i n s t a l l a t i o n e f f e c t s on t h e a i r p l a n e . A s can be seen i n f i g u r e 4, t h e p y l o n s u p p o r t i n g t h e e n g i n e i s d i r e c t l y i n f r o n t of t h e p r o p e ll e r . The aerodynamic i n t e r a c t i o n o f t h i s p y l o n w i t h t h e p r o p e l l e r would be an a d d i t i o n a l n o i s e source i n f l i g h t t h a t does n o t e x i s t i n t h e t u n n e l . However, i t i s f e l t t h a t t h e i n t e r a c t i o n n o i s e i s l e s s t h a n t h e p r o p e l l e r a l o n e n o i s e , a t c r u i s e , so no c o r r e c t i o n was made.
enough t h a t t h e s e p a r a t e f r o n t and r e a r p r o p e l l e r tones a r e i n c l u ded i n t h e same band. These s p e c t r a have one tone a t t h e b l a d e p a s s i n g f r equency, one t o n e a t t w i c e b l a d e p a s s i n g f r e q u e n c y , e t c .
When t h e above a d j u s t m e n t s were a p p l i e d t o t h e
n g u i s h a b l e based on t h e i r f r e q u e n c y . The f a s t e r r o t a t i n g b l a d e row has t h e h i g h e r f r e q u e n c y s i n c e t h e number o f b l a d e s i n each row a r e t h e same. The d a t a on t h e a i r p l a n e were q u e s t i o n e d because t h e t o n e n o i s e o f t h e i n d ic a t e d a f t p r o p e l l e r was p e a k i n g f a r t h e r f o r w a r d t h a n t h e tone n o i s e from t h e p r o p e l l e r b e i n g i d e n t i f i e d as t h e f r o n t p r o p e l l e r . The wind t u n n e l d a t a , such as t h a t from r e f e r e n c e 2 , c l e a r l y i n d i c a t e t h e f r o n t p r o p e l l e r n o i s e peaks forward o f t h e a f t p r o p e l l e r n o i s e . Based on t h i s and a p r e l i m i n a r y comparison of t h e F7-A7 a i r p l a n e and t u n n e l d a t a which showed t h a t t h e supposedly a f t p r op e l l e r f u l l s c a l e n o i s e compared b e t t e r w i t h t h e f o r w a r d model n o i s e , and v i c e v e r s a , t h e i n d i c a t e d p r o p e l l e r s i g n a l s a r e assumed t o have been r e v e r s e d d u ri n g t h e a i r p l a n e t e s t .
W i t h t h e above assumption, t h e i n d i v i d u a l b l a d e p a s s i n g t o n e s a r e compared i n f i g u r e 9 . A s can be observed t h e f o r w a r d p r o p e l l e r tones compare v e r y w e l l p a r t i c u l a r l y a t 90" and 115". The n o i s e comparison a t t h e 60" p o s i t i o n s t i l l shows t h e t u n n e l d a t a b e i n g a l i t t l e h i g h . n o t compare as w e l l as t h e f r o n t t o n e w i t h b o t h t h e 60" and 90" p o s i t i o n s havi n g t h e t u n n e l d a t a a l i t t l e h i g h . T h i s i s q u i t e p r o b a b l y t h e r e s u l t of t h e f u l l s c a l e a f t p r o p e l l e r n o t b e i n g as h i g h l y loaded as t h e a f t p r o p e l l e r was i n t h e wind t u n n e l t e s t . The tones a t t w i c e b l a d e p a s s i n g f r e q u e n c y a r e shown i n f i g u r e 10. Again t h e f o r w a r d b l a d e n o i s e comparisons a r e v e r y good w h i l e t h e a f t b l a d e n o i s e comparison i s n o t as good. The a f t b l a d e p a s s i n g t o n e does
The f a i r comparison between t h e o v e r a l l tone l e v e l f o r t u n n e l model and f u l l s i z e f l i g h t d a t a , even though t h e p r o p e l l e r s were n o t t e s t e d a t e x a c t l y t h e same b l a d e s e t t i n g a n g l e s ,
i n d i c a t e s t h a t t h e s c a l i n g parameters used a r e p r o b a b l y c o r r e c t . The good comparison o f t h e f o r w a r d p r o p e l l e r tones, where t h e b l a d e a n g l e s were a l m o s t t h e same, more s t r o n g l y shows t h a t t h e s c a l i n g i s c o r r e c t and f u r t h e r i n d i c a t e s t h e v a l i d i t y o f o b t a i n i n g n o i s e d a t a i n t h e 8-b y 6-Foot Wind Tunnel. I n o t h e r words i t appears t h a t v a l i d s c a l e model c o u n t e rr o t a t i o n n o i s e d a t a a t c r u i s e c o n d i t i o n s can be o b t a i n e d i n t h e 8-b y 6-Foot Wind Tunnel and a l s o t h a t t h e d a t a can be p r o j e c t e d t o f u l l s c a l e f l i g h t c o n d i t i o n s .
Comparison w i t h a F u l l -s c a l e S i n g l e -R o t a t i o n P r o p e l l e r Data taken on a s c a l e model s i n g l e -r o t a t i o n p r o p e l l e r , SR-7A, i n t h e NASA Lewis 8-by 6-Foot Wind Tunnel were compared w i t h d a t a t a k e n on a f u l l -s c a l e v e r s i o n o f t h i s p r o p e l l e r i n f l i g h t .
The f u l l s c a l e p r o p e l l e r was flown o n t h e PTA a i r p l a n e , a m o d i f i e d G u l f s t r e a m I1 and t h e n o i s e was measured by microphones embedded i n t h e a i r p l a n e f u s e l a g e and on a boom l o c a t e d o u t b o a r d o f t h e p r o p e l l e r ( f i g . 6 ) . A d e s c r i p t i o n o f t h i s f l i g h t t e s t and some o f t h e a i r p l a n e d a t a a r e found i n r e f e r e n c e 1 1 .
D u r i n g t h e 8-by 6-Foot Wind Tunnel t e s t s t h e p r o p e l l e r was t e s t e d a t i t s nominal d e s i g n c o n d i t i o n a t an a x i a l Mach number o f 0 . 8 . The f l i g h t c o n d i t i o n was f o r t h e e q u i v a l e n t d e s i g n p o i n t c r u i s e power a t a Mach number o f 0 . 8 , 10 670 m (35 000 f t ) a l t i t u d e . The engine n a c e l l e was t i l t e d downward a t a -1 " a n g l e t o p r o v i d e t h e c o n d i t i o n s c l o s e s t t o a x i a l i n f l o w t o t h e p r o p e l l e r .
To c o n v e r t from t h e s c a l e model wind t u n n e l d a t a t o f u l l s i z e , t h e n o i s e was a d j u s t e d b y 10 l o g o f t h r u s t i n t h e same manner as t h e c o u n t e r r o t a t i o n d a t a . The t h r u s t a d j u s t m e n t adds 12.8 dB t o t h e 8-by 6-Foot Wind Tunnel d a t a ( t a b l e 111). The d i s t a n c e a d j u s t m e n t , based on 20 l o g o f d i s t a n c e r a t i o ,
reduces t h e wind t u n n e l d a t a by 15.8 dB.
The a i r p l a n e was f l o w n a t 10 670 m ( 3 5 000 f t ) and t h e t u n n e l was o p e r a t e d a t 7 8 . 6~1 0 3 N/m2 ( 1 1 . 5 
p s i ) f o r these t e s t s o n l y one p e r i o d . The a d j u s t m e n t for atmospheric c o n d i t i o n s , 20 l o g o f t h e p r e s s u r e r a t i o , gave t h e r e s u l t t h a t t h e 8-by 6-Foot Wind Tunnel d a t a s h o u l d be reduced by 10.5 dB. The t o t a l r e d u c t i o n from wind t u n n e l t o f l i g h t was t h e n 13.5 dB.
The comparisons made h e r e a r e w i t h o u t any c o r r e c t i o n s f o r boundary l a y e r r e f r a c t i o n even though i t w i l l be p r e s e n t on b o t h t h e a c o u s t i c p l a t e i n t h e wind t u n n e l and on t h e a i r p l a n e f u s e l a g e . The d a t a comparisons w i l l g i v e an i n d i c a t i o n o f t h e d i f f e r e n c e between t h e f u s l a g e and p l a t e boundary l a y e r r e f r a c t i o n s . The a i r p l a n e f u s e l a g e d a t a i s from a row o f microphones d e s i gn a t e d i n r e f e r e n c e 1 1 as " c l o s e s t approach." Data from t h e boom microphones on t h e a i r p l a n e a r e a l s o compared.
The boom microphones were a d j u s t e d to t h e f u s e l a g e c o n d i t i o n u s i n g t h e d i f f r a c t i o n i n d i c a t e d from r e f e r e n c e 12. The boom t a p e r s from a p p r o x i m a t e l y 15.8 cm ( 6 -1 / 4 i n . ) d i a m e t e r a t t h e t r a n s d u c e r c l o s e s t t o t h e w i n g t o 4.1 cm
(1-5/8 i n . ) d i a m e t e r a t t h e f a r t h e s t f o r w a r d t r a n s d u c e r . The p r e s s u r e a m p l i f ic a t i o n s from r e f e r e n c e 12 f o r t h e boom t r a n s d u c e r s g o i n g from f o r w a r d t o a f t a r e 0, 0 . 5 , 0.5, 1.0, and 1 . 5 dB for t h e b l a d e p a s s i n g tone; 0 . 5 , 1.5 1.5, 2 , and 2 . 5 f o r 2BPF; 1.0, 2.0, 2.5, 3.5, and 4.0 f o r 3BPF; 1.5, 3.0, 3.5, 4.0, and 4.5 f o r 4BPF; and 1.5, 4.0, 4.0, 4.5, and 5 . 0 f o r 5BPF. The f u s e l a g e and p l a t e a r e assumed t o have 6 dB p r e s s u r e a m p l i f i c a t i o n so t h e d i f f e r e n c e s between t h e 6 dB and t h e above boom a m p l i f i c a t i o n s a r e added t o t h e measured boom tones t o p u t t h e d a t a o n t h e same b a s i s .
F i g u r e 1 1 shows t h e a i r p l a n e f u s e l a g e , a i r p l a n e boom and t h e s c a l e d 8-b y
6-Foot Wind Tunnel model d a t a . The b l a d e p a s s i n g t o n e d a t a i s shown i n f i g u r e l l ( a ) . The 8-by 6-Foot Wind Tunnel d a t a have s c a l e d v e r y w e l l t o f u l l s i z e w i t h b o t h t h e l e v e l and d i r e c t i v i t y shape b e i n g v e r y c l o s e t o t h a t measu r e d i n f l i g h t .
As can be seen i n f i g u r e l l ( a > t h e a i r p l a n e boom d a t a i s somewhat h i g h e r t h a n t h e a i r p l a n e f u s e l a g e d a t a w i t h t h e 8-by 6-Foot Wind Tunn e l d a t a g e n e r a l l y i n between b u t somewhat c l o s e r t o t h e boom l e v e l s . The d i f f e r e n c e between t h e boom and f u s e l a g e d a t a i s a p o s s i b l e i n d i c a t i o n of some i n s t a l l a t i o n e f f e c t s on t h e p r o p e l l e r n o i s e i n -f l i g h t .
The e f f e c t o f t h e n o i s e on one s i d e b e i n g h i g h e r t h a n on t h e o t h e r can be caused by t h e p r o p e ll e r b e i n g a t an a n g l e o f a t t a c k t o t h e flow as was shown p r e v i o u s l y for advanced p r o p e l l e r s i n r e f e r e n c e s 13 and 14. The n o i s e l e v e l s of t h e t h r e e d a t a s e t s come t o g e t h e r a t t h e f o r w a r d angles and show l i t t l e or no e f f e c t of boundary l a y e r r e f r a c t i o n a t t h e b l a d e p a s s i n g t o n e , e i t h e r i n t h e 8-by 6-Foot Wind Tunnel t o f u s e l a g e comparison or i n t h e boom t o f u s e l a g e compari-
son. The good comparison o f t h e 8-by 6-Foot Wind Tunnel d a t a w i t h t h e f l i g h t d a t a a t t h e b l a d e p a s s i n g tone i n d i c a t e s t h e v a l i d i t y o f t h e 8-by 6-Foot Wind Tunnel d a t a and t h a t t h e s c a l i n g i s c o r r e c t .
The comparison a t t w i c e b l a d e p a s s i n g f r e q u e n c y i s shown i n f i g u r e l l ( b > . Here a l a r g e r d i f f e r e n c e e x i s t s between t h e a i r p l a n e boom and f u s e l a g e d a t a i n d i c a t i n g t h a t t h e i n s t a l l a t
a c t i o n on t h e p l a t e p l a c e s a l i m i t a t i o n on t h e a b i l i t y t o measure t h e forward r a d i a t e d n o i s e i n t h e 8-by 6-Foot Wind Tunnel. The f u s e l a g e d a t a a r e n o t showing any boundary l a y e r r e f r a c t i o n r e l a t i v e t o t h e boom.
The 8-by 6-Foot Wind Tunnel d a t a peak i s between t h e two s e t s
The comparison a t t h r e e t i m e s b l a d e p a s s i n g t o n e i s shown i n f i g u r e l l ( c > .
Here t h e boom and f u s e l a g e peaks a r e even f a r t h e r a p a r t i n l e v e l and t h e bounda r y l a y e r e f f e c t on t h e 8-by 6-Foot Wind Tunnel d a t a i s c l e a r l y i n d i c a t e d . I n a d d i t i o n , t h e 8-by 6-Foot Wind Tunnel d a t a a r e e x h i b i t i n g s t r a n g e b e h a v i o r b e h i n d t h e p l a n e o f r o t a t i o n , f i r s t showing a peak, t h e n a v a l l e y and t h e n r i si n g toward a n o t h e r peak. The peak and v a l l e y b e h a v i o r i s v e r y s i m i l a r t o a ground r e f l e c t i o n p a t t e r n . The peak and v a l l e y p a t t e r n has n o t been observed i n any o f t h e c o u n t e r r o t a t i o n d a t a a t t h i s or any o t h e r f r e q u e n c y , (see r e f s . 2 and 3, or see f i g . 7 ( c > o f t h i s paper f o r examples) or i n any of t h e s i n g l e r o t a t i o n d a t a t a k e n w i t h t r a n s d u c e r s on t h e c e i l i n g o f t h e wind t u n n e l ( r e f s . 4, 15, and 1 6 ) . T h i s b e h a v i o r was a l s o n o t seen f o r t h e SR-7A p r o p e l l e r d a t a t a k e n w i t h c e i l i n g t r a n s d u c e r s ( r e f . 17). Because t h e p a t t e r n has n o t been seen i n any of t h e o t h e r 8-by 6-Foot Wind Tunnel measurements, i t does n o t appear t o be a t u n n e l r e f l e c t i o n . T h i s p a t t e r n , i f i t i s a r e f l e c t i o n , i s o n l y seen h e r e w i t h t h e p l a t e c l o s e t o t h e s i n g l e r o t a t i o n t e s t r i g and t h e most l i k e l y cause i s a r e f l e c t i o n from t h e d r i v e r i g . The peak and v a l l e y p a tt e r n i s n o t i n t h e c o u n t e r r o t a t i o n d a t a w i t h t h e p l a t e c l o s e t o t h e c o u n t e r r ot a t i o n t e s t r i g and i n some way seems t o be t i e d t o t h e s i n g l e r o t a t i o n t e s t r i g . As can be seen i n f i g u r e s 1 and 2 , p a r t s ( c ) , t h e s i n g l e r o t a t i o n and c o u n t e r r o t a t i o n t e s t r i g s have d i f f e r e n t shapes b e h i n d t h e p r o p e l l e r p l a n e of r o t a t i o n . The c o u n t e r r o t a t i o n r i g c o n t i n u e s t o neck down t o s m a l l e r d i a m e t e r s and does n o t i n c r e a s e i n d i a m e t e r u n t i l beyond t h e end o f t h e t r a n s d u c e r p o s it i o n s on t h e a c o u s t i c p l a t e . The s i n g l e r o t a t i o n r i g however f i r s t i n c r e a s e s i n d i a m e t e r b e h i n d t h e p r o p e l l e r and t h e n decreases i n d i a m e t e r . The shape of t h e c o u n t e r r o t a t i o n r i g would t e n d t o r e f l e c t n o i s e f a r t h e r downstream b e h i n d t h e a c o u s t i c p l a t e , w h i l e t h e shape o f t h e s i n g l e r o t a t i o n r i g may t e n d t o r e f l e c t n o i s e somewhat upstream and o n t o t h e p l a t e . I t may be t h a t a t t h i s f r e q u e n c y , 3BPF, t h e s i n g l e r o t a t i o n r i g i s r e f l e c t i n g n o i s e back o n t o t h e p l a t e and c a u s i n g t h e b e h a v i o r n o t e d i n f i g u r e l l ( c ) .
The n o i s e comparisons a t 4BPF and 5BPF a r e shown i n f i g u r e s l l ( d > and l l ( e ) . I n g e n e r a l , these f i g u r e s show s i m i l a r comparisons as t h a t f o r 2BPF w i t h t h e boom d a t a above t h e f u s e l a g e d a t a and t h e 8-by 6-Foot Wind Tunnel d a t a showing boundary l a y e r r e f r a c t i o n toward t h e f r o n t .
The comparison between t h e s c a l e d 8-by 6-Foot Wind Tunnel d a t a and t h e f u l l s c a l e p r o p e l l e r d a t a i s v e r y good a t t h e b l a d e pass ng f r e q u e n c y . A s a r e s u l t o f boundary l a y e r r e f r a c t i o n , t h e d a t a comparison a t t h e h i g h e r harmoni c s i s n o t as good. An anomaly a l s o e x i s t s f o r t h e tone a t 3BPF a f t o f t h e p r o p e l l e r which may be a r e f l e c t i o n from t h e s i n g l e r o t a , i o n d r i v e r i g . I n g e n e r a l , t h e good comparison i n d i c a t e s t h e v a l i d i t y o f t h e 8-by 6-Foot Wind Tunnel n o i s e measurements and shows t h e a b i l i t y t o s c a l e t h e d a t a t o f u l ls i z e . The c o m b i n a t i o n o f h i g h t u n n e l background n o i s e and boundary l a y e r r e f r a c t i o n on t h e a c o u s t i c p l a t e i n t h e 8-by 6-Foot Wind Tunnel does p r e s e n t a l i m i t a t i o n t o t h e measurement o f f o r w a r d a r c n o i s e a t t h e h i g h e r harmonics.
CONCLUDING REMARKS
The n o i s e o f advanced d e s i g n h i g h speed p r o p e l l e r models measured i n t h e NASA Lewis 8-by 6-Foot Wind Tunnel has been compared w i t h p r o p e l l e r n o i s e measured i n a n o t h e r t u n n e l and f u l l -s c a l e f l i g h t t e s t s . The 8-b y 6-Foot Wind Tunnel model d a t a f o r a c o u n t e r r o t a t i o n p r o p e l l e r o p e r a t i n g a t 0.72 Mach number c r u i s e c o n d i t i o n s agreed v e r y w e l l w i t h model d a t a t a k e n on t h e same p r o p e l l e r a t t h e same c o n d i t i o n s i n t h e a c o u s t i c a l l y t r e a t e d t e s t s e c t i o n of t h e B o e i n g t r a n s o n i c wind t u n n e l . This good agreement i n d i c a t e d t h e r e l a t i v e v a l i d i t y o f t a k i n g c r u i s e n o i s e d a t a on a p l a t e i n t h e 8-by 6-Foot Wind Tunn e l compared w i t h t h e f r e e -f i e l d method i n t h e Boeing t u n n e l . Boundary l a y e r r e f r a c t i o n was observed a t t h e t h i r d and h i g h e r p r o p e l l e r harmonics f o r t h e 8-b y 6-Foot Wind Tunnel d a t a t a k e n on t h e a c o u s t i c p l a t e . T h i s boundary l a y e r r e f r a c t i o n p r e s e n t s a l i m i t a t i o n on t h e a b i l i t y t o t a k e d a t a a t t h e h i g h e r harmonics i n f r o n t o f t h e p r o p e l l e r .
Comparisons o f 8-by 6-Foot Wind Tunnel model c o u n t e r r o t a t i o n d a t a a t M = 0.72 c r u i s e c o n d i t i o n s w i t h f u l l -s c a l e p r o p e l l e r d a t a i n f l i g h t showed good agreement even though t h e p r o p e l l e r s were n o t e x a c t l y a t t h e same b l a d e s e t t i n g a n g l e s . The good agreement i n d i c a t e d n o t o n l y t h e v a l i d i t y of t h e 8-by 6-Foot Wind Tunnel d a t a b u t a l s o t h e a b i l i t y t o s c a l e t h e 8-by 6-Foot Wind Tunnel d a t a t o f u l l s i z e .
The 8-by 6-Foot Wind Tunnel d a t a f o r a s i n g l e r o t a t i o n p r o p e l l e r a t M = 0.8 c r u i s e c o n d i t i o n s were compared w i t h f u l l s c a l e d a t a t a k e n i n f l i g h t on t h e PTA a i r p l a n e . Both f u s e l a g e and boom d a t a were o b t a i n e d on t h e a i rp l a n e and i n g e n e r a l t h e s c a l e d 8-by 6-Foot Wind Tunnel d a t a f e l l p a r t w a y between t h e boom and f u s e l a g e d a t a . T h i s f u r t h e r i n d i c a t e d b o t h t h e v a l i d i t y o f t h e 8-by 6-Foot Wind Tunnel d a t a and t h e a b i l i t y t o s c a l e t o f u l l s i z e . Some i n d i c a t i o n o f a d r i v e r i g n o i s e r e f l e c t i o n was observed a t t h e t h i r d harmonic and boundary l a y e r r e f r a c t i o n e f f e c t s were seen a t t h e second and h i g h e r harmonics. 
I n summary, t h e good agreement o f t h e model t o model n o i s e comparisons f o r a c o u n t e r r o t a t i o n p r o p e l l e r have i n d i c a t e d t h e v a l i d i t y o f t a k i n g p r o p e l l e r c r u i s e n o i s e measurements i n t h e 8-by 6-Foot Wind Tunnel. The good agreement o f b o t h s i n g l e r o t a t i o n and c o u n t e r r o t a t i o n model d a t a w i t h f u l ls c a l e p r o p e l l e r d a t a i n f l i g h t have i n d i c a t e d b o t h t h e v a l i d i t y o f t h e 8-by
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